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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a hard, thermoplastic-rubber polymer alloy which is a heterogeneous 
mixture of a low friction, good wear resistant thermoplastic, a thermoset rubber, and a lubricant. The present 
invention also relates to method of making the polymer alloy. 

BACKGROUND OF THE INVENTION 

10 

Heretofore, bearings, such as those utilized in connection with the rotating shaft driving a ship's 
propeller, have been made from rubber. The bearings have been fluted so that they are water lubricated. 
Attempts to incorporate a low friction thermoplastic into the rubber have been unsuccessful. Examples of 
typical bearing assemblies and/or compositions thereof are set forth in the following patents: 

75 US-A-2,381 ,270 to Enz relates to a bearing assembly having staves therein and a keeper strip which is 
formed of laminated fiberous material such as paper, cloth fabric, fiberglass, etc., impregnated with a 
resinous binder such as phenolic, urea, vinyl, and the like. 

US-A-3,023,059 to Kirk relates to rubber bearings composed of non-conductive materials and to a non- 
metallic supporting sleeve composed of a plastic material which is reinforced with a material such as 

20 fiberglass. 

US-A-3,497,278 to Orndorff relates to a shaft bearing wherein the bearing surface is formed of strips of 
elastomeric material which line the inner periphery of a cylindrical housing between radially inwardly 
projecting lugs with each strip being secured therein by a locking bar inserted in a longitudinal groove in 
the strip. 

25 US-A-3,561,830 to Orndorff relates to a resilient elastomeric insert for bearings of the type used for 
marine propeller shafts wherein the insert is formed of a low hardness elastomeric material and has rigid 
backing strips inserted in the elastomer spaced closely adjacent to the bearing surfaces. 

US-A-3,582,166 to Reising relates to a bearing having a low friction surface formed of fibers of a low- 
friction resin, for example polytetrafluorethylene, in a hard resin matrix, the longitudinal axis of substantially 

30 all of the fibers extending substantially parallel to the surface of the bearing. 

US-A-3,724,919 to Lagally, et al relates to a low friction bearing-journal arrangement which can be 
lubricated by seawater wherein the rubbing surface of a titanium journal in combination with a high density 
polyethylene bearing is protected against scuffing or galling by a small concentration of iodine which can be 
absorbed at the bearing surface or be present as water-soluble iodine salt or complex. 

35 US-A-3,774,983 to Lagally relates to a low friction bearing-journal arrangement which contains a first 
member made from high density polyethylene and a second member, which mates with the first member, 
formed from a high modulus supporting material such as titanium, zirconium, and the like. 

US-A-3,826,547 to Finefrock relates to a water lubricated bearing wherein a housing is formed with a 
cylindrical bore in which a plurality of symmetrically spaced keys are mounted. A compliment of staves 

40 formed entirely of elastomeric material are positioned in the bore and directly compressed by a removable 
compression head to cause tight engagement between the bore and keys. Removal of the compression 
head allows the staves to assume their unstressed condition in which clearance is provided with respect to 
both the bore and the keyways. 

The article Material Selection Criteria for Water Lubrication by Watt V. Smith, Wear, 25 (1973) 139-153 

45 printed in the Netherlands, relates to service performance parameters and material selection for water 
lubricated contact materials such as those utilized in marine equipment. Table II of the article on page 152, 
relates to the abrasive wear resistance of non-metallic materials. 

While the above article and patents generally relate to materials which are utilized as bearings, they do 
not teach or suggest applicant's polymer alloy, a process for making the same, or the use of the alloy as a 

so bearing. 

SUMMARY OF THE INVENTION 

It is therefore an aspect of the present invention to provide a thermoplastic-thermoset rubber polymer 
55 alloy which has, among other properties, good wet and dry friction and wear resistant properties. 

It is a further aspect of the present invention to produce a thermoplastic-thermoset rubber polymer 
alloy, as above, which contains a tough but low wear, low friction thermoplastic such as ultra high molecular 
weight polyethylene, a cured rubber such as nitrite rubber, and a lubricant. 
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It is yet a further aspect of the present invention to provide a process for making a thermoplastic- 
thermoset rubber polymer alloy, as above, wherein the thermoplastic and the thermoset are dry blended, 
subsequently heated and then cooled under pressure. 

It is yet a further aspect of the present invention to provide a thermoplastic-thermoset rubber polymer 
5 alloy, as above, which is suitable for use in bearings, and especially in marine bearings. 

It is a still further aspect of the present invention to provide a thermoplastic-thermoset rubber polymer 
alloy, as above, wherein the amount of the various components can be varied to meet desired end use 
properties. 

It is a still further aspect of this invention to provide a new and improved elastomeric bearing assembly 
w that has a plurality of circumferentiaJly spaced bearing elements or segments with water grooves there- 
between wherein such bearing elements are made from a thermoplastic-thermoset rubber that provides low 
friction resistance to a propeller shaft during start up where there is an absence of lubricant on the bearing 
surfaces even though immersed in water yet also provides low friction resistance to the same propeller 
shaft once sufficient speed is achieved and the shaft is run on the water lubricated bearing surface. 
75 These and other aspects of the present invention will become apparent from the following specifica- 
tions. 

A thermoplastic-rubber polymer alloy comprises; a cured rubber compound, a low friction, tough 
thermoplastic compound, the amount of said thermoplastic compound being an effective amount to form a 
continuous phase in the polymer alloy, and a lubricant, the amount of said lubricant being an effective 
20 amount to impart lubricating properties to said polymer alloy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front elevational view of a strut and bearing assembly having a portion of the supporting 
25 structure broken away to disclose the bearing elements or staves and a propeller shaft; and 
Fig. 2 is a cross sectional view of one of the bearing elements or staves. 

DETAILED DESCRIPTION OF THE INVENTION 

30 In detail, this invention refers to a thermoplastic rubber polymer alloy, comprising 

from 10 percent to 70 percent by weight of a particulate rubber compound having a particle size of 35 
mesh or smaller, based upon the total weight of the polymer alloy, further has a volume increase in water of 
five percent or less, 

from 25 percent to 90 percent by weight of an ultra high molecular weight polyethylene having a 
35 molecular weight of at least 2.5 million based upon the total weight of the polymer alloy wherein said ultra 
high molecular weight polyethylene has a breakaway coefficient of static friction at 0 RPM of 0.25 or less, 
an Izod notch strength (ASTM D256) of at least 1.07 kJ/m (20 foot-pounds/inch) and a water lubricated 
coefficient of friction 0.20 or less, and 

from 0.5 to 25 percent by weight of a non-abrasive lubricant based upon the total weight of the polymer 
40 alloy. 

Referring to the drawings, wherein like reference numerals designate like or corresponding parts 
throughout the several views, there is shown in Rgure 1 a longitudinally extending bearing housing 10 
supported by a strut 11. Housing 10 has a pair of annular end faces, with each end face having a plurality of 
circumferentially spaced threaded bores 12 extending longitudinally therein. The housing 10 has a central 

45 bore 14 to accommodate a bearing assembly to be described. The bearing assembly can be a single cast 
unit or composed of a plurality of circumferentially spaced bearing segments or staves. In the example 
above, the central bore 14 receives a cylindrical shell 16 having a plurality of circumferentially spaced 
dovetailed grooves 17 suitably machined therein. As seen in Rgure 1, there are eight dovetail grooves 17. 
The staves 15 as seen in Rgure 2 are composed of a rigid layer of ultra high molecular weight polyethylene 

50 material 19 suitably bonded to a thermoplastic-rubber polymer alloy layer 20 described hereinbelow. Stave 
15 is trapezoidal in cross-sectional shape having a pair of side surfaces or faces 21-22, a linear disposed 
outer flat face 23 and an inner fiat bearing face or surface 24. A portion of the respective side surfaces 21 
and 22 are in abutting contact with the dovetailed grooves 17. All of staves 15 are similar In construction. 
The circumferentially spaced staves or bearing elements 15 provide a plurality of circumferentially 

55 spaced grooves 25 between the bearing elements or staves to permit passage of water. The circumferen- 
tially spaced staves 15 support a propeller shaft 27 for rotation. The bearing assembly is held in position 
within bore 14 of housing 10 by a pair of semi-circular retainer rings 30 acting as retainer means mounted 
on the respective end faces of the cylindrical shaped housing 10. Rings 30 have a plurality of circumferen- 
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tially spaced bores which receive cap screws 31 which are threaded into the respective bores 12 to thereby 
securely fasten the bearing assembly within the housing 10 and place on the shaft 27. 

In the operation of the bearing assembly, assuming that shaft 27 is stationary, shaft 27 will remain in 
contact with the surfaces of the polymer alloy layer 20 under essentially dry conditions even though the 

5 bearing assembly is under water because there is no lubricant (water) between the polymer alloy layer 20 
and the shaft 27. As shaft 27 begins to rotate, and as the primary dry friction is overcome, sufficient water 
comes in between the rotating shaft 27 and the inner bearing surface 24 of the polymer alloy layer 20 to be 
a water lubricated bearing surface. In this condition of operation the inner surface of layer 20 as lubricated 
presents a different coefficient of friction than dry. However, as hereinafter described, the new bearing 

ro polymer alloy of layer 20 presents superior wet and dry friction and wear properties to provide a material 
advantage for use as a water-lubricated bearing with the additional advantage of being able to be secured to 
a rigid backing such as ultra high molecular weight polyethylene. 

A thermoplastic and a thermoset rubber compound, along with a smaller amount of a lubricant form the 
thermoplastic-rubber polymer alloy. The alloy is a heterogeneous composition wherein the thermoplastic 

75 exists in a continuous phase and the thermoset is dispersed therein as a discontinous phase, in other words 
a thermoplastic matrix is formed, having the thermoset compound and the lubricant dispersed therein, as 
opposed to an admixture. 

The thermoplastic compound can be any polymer which exhibits tough, low friction and good wear 
resistant properties. A specific group of such polymers are the various ultra high molecular weight 

20 polyethylenes which are known to the art as well as to the literature. Ultra high molecular weight 
polyethylenes are generally classified as those having a weight average molecular weight of greater than 
2.5 million, that is from about 3.0 million to about 7.0 million using the solution viscosity method. A desired 
range is from about 4 million to about 6.5 million with a preferred range being from about 5 million to about 
6 million. Such polyethylenes are commercially available from American Hoechst Plastics Corporation under 

25 the name Hostalen® GUR. 

The ultra high molecular weight polyethylene as well as other polymers generally suitable for use in the 
present invention typically have low friction properties such as a breakaway coefficient of static friction at 0 
rpm of 0.25 or less, desirably 0.20 or less and preferably 0.15 or less. The desired thermoplastic 
compounds of the present invention also have a toughness as measured by an Izod notch impact test 

30 (ASTM D256) of 1 .07 kj/m (20 foot-pounds/inch) or greater and preferably of 1 .6 kJ/m (30 foot-pounds/inch) 
or greater. However, unnotched test samples did not fail. The thermoplastic compounds of the present 
invention also have good wear resistance as measured by a sand slurry abrasion test. The sand slurry 
abrasion test is a test of American Hoechst Plastics Corporation wherein generally a test specimen (2.54 cm 
x 7.62 cm x 0.635 cm (1° x3"x 1/4")) is rotated at 1200 RPM over a 24 hour period in a slurry containing 

35 2 parts of water and 3 parts of sand. 

An effective amount of the ultra high molecular polyethylene is utilized such that it forms a continuous 
phase in the polymer alloy. The amount of a thermoplastic compound is sufficient to coat the thermoset 
rubber compound which generally exist in the form of particles and more desirably an amount in excess of 
that required to coat the rubber particles. Based upon the total weight of the polymer alloy, the amount of 

40 the thermoplastic is from 25% to 90% by weight, desirably from 40% to 75% by weight and preferably 
from 55% .to 65% by weight. 

The thermoset compound is a cured rubber compound which typically has low friction as well as good 
oil and water resistant properties.. By "low friction" it is meant that rubber bearings of a desired thickness 
range, when water lubricated, develop hydrodynamic lubrication at normal journal (shaft) operating speeds. 

4s Thin rubber bearings develop hydrodynamic friction at lower shaft speeds than any other known bearing 
material due to the plasto-elastohydrodynamic effect. Hydrodynamic lubrication is the developing of a fluid 
film between the bearing and a rotating shaft. By the terms "oil and water resistant", it is meant that the 
elastomer is unaffected (not dissolved or softened) and the volume increase caused by swell in water is 
under 5%, and preferably under 3%. 

so Generally any rubber compound having such friction and water resistant properties can be utilized. A 
specific group of such compounds are various nitrile rubbers which are known to the art and to the 
literature. For example, the various Hycar® nitrile rubbers manufactured by the BFGoodrich Company can 
be utilized. The various harder nitrile rubber compounds are generally preferred. A specific example of such 
a rubber is compound 39166 (80 Shore A hardness) manufactured by the BFGoodrich Company. Another 

55 example is a softer nitrile rubber such as compound 39433, also manufactured by the BFGoodrich 
Company which has a Shore A hardness of about 65. Other rubbers include Butyl rubber, EPDM, that is 
rubber made from ethylene-propylene-diene monomers, and fluoroelastomers based on the copolymer of 
vinylidene fluoride and hexafluoropropylene thought to have the following repeating structure -CP -CH -CF 
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-CF(CF y. Such copolymers are sold under the Trademark *Viton n ® by DuPont. Although these other 
rubber compounds can be utilized, the nitrile rubbers are highly preferred. 

It is an important aspect of the present invention that the rubber compound be initially dry blended or 
mixed with the thermoplastic compound before the alloy is formed. 

5 Accordingly, the rubber compound is cured and in order to mix the two components, it is ground to a 
suitable size. Conventional grinding methods can be utilized such as mechanical or cryogenic grinding. 
Particle size of the cured rubber compound is generally important. The particle size is generally measured 
as being finer, that is being able to pass through, a specific Tyler mesh screen. The cured rubber 
compounds thus generally have a particle size smaller than 35 mesh, desirably smaller than 65 mesh, and 

70 preferably smaller than 100 mesh. The amount of the cured rubber in the polymer alloy Is generally from 
10% to 70% by weight, desirably from 12% to 40% by weight, and preferably from 15% to 30% by weight 
based upon the total weight of the polymer alloy. 

The lubricant is generally added in the form of a solid and hence is non-liquid. In order to ensure a 
good dispersal thereof, the lubricant typically is in the form of a powder. By the term powder, it is meant 

75 that a majority, and at least 70%, 80%, or 90% and more desirably at least 95% of the particles are smaller 
than a Tyler 100 mesh screen, that is 150 um. Desirably, a majority of the powder, typically 80%, 90%, or 
even 95% is smaller than 200 mesh, that is 75 urn. Preferably a majority of the graphite powder, that is 
70%, 80%, or 90% is smaller than 325 mesh, that is 44 urn. Any lubricant known to the art as well as to the 
literature can be utilized which imparts lubricating properties to the polymer alloy. By lubricating properties 

20 it is meant that the coefficient of friction of the surface of the formed polymer alloy is reduced, as for 
example, on the order of at least 10% and more desirably at least 20% or 30% when wear starts. The 
lubricant also should be non-abrasive. Graphite constitutes a preferred lubricant. An example of a specific 
graphite is grade 117-A, manufactured by Asbury Graphite Mills, Inc. Another specific lubricant Is 
molybdenum disulfide. Although not generally preferred, molybdenum disulfide is desirable in dry end use 

25 applications where moisture is not available, even as atmospheric moisture vapor. Silicone oils can also be 
utilized in an amount of from 2% to 10% by weight and desirably from 3% to 6% by weight based upon the 
total weight of the polymer alloy. Examples of specific silicone oils include 200 Fluid manufactured by Dow 
Coming. 

The amount of the lubricant generally is from 0.5% or 3% by weight to 25% by weight, desirably from 
30 1.0% to 20% by weight, and preferably from 2% to 10% by weight based upon the total weight of the 
polymer alloy. 

It has been surprisingly found that the thermoplastic-rubber polymer alloy of the present invention has 
many of the advantages of the respective thermoplastic component and thermoset rubber component and 
very few of the disadvantages of each. The polymer alloy has very good resistance to bearing and shaft 

35 wear in water and yet readily operates under dry conditions and has low deflection under load. The polymer 
alloy is a strong solid having good tensile strength which is thought to be imparted thereto by the 
thermoplastic compound. The lubricant naturally contributes to the lubricating properties as well as reducing 
the dry friction coefficient of the polymer alloy. Another unexpected property of the polymer alloy is that 
unlike nitrile rubbers, it has low compression set. 

40 In addition to the above components, various optional components can be utilized to impart specific 
improved properties to the polymer alloy. For example, various lubricant aids can be utilized to further 
reduce the coefficient of friction of the polymer alloy. Thus, polytetrafluoroethylene (PTFE) which serves as 
a lubricant when in a powder form, can be utilized. Other fluorohydrocarbon polymers as well as chloro- 
fluorohydrocarbon polymers which impart strength and lubricity to the polymer alloy can also be utilized. 

45 The amount of these polymers is the same as the amount of the silicone oil. 

Still another optional component which is generally utilized only when the polymer alloy is subjected to 
high pressures as for example 13.8 MPa (3,000 psi) or greater is PTFE fibers. The fibers are short, that is 
chopped, and have a length approximately from 0.16 cm (1/16") to 0.635 cm (1/4"), although larger or 
smaller fibers can be utilized. Generally any reinforcing fibers can be utilized known to the art as well as to 

50 the literature. Specific examples of such fibers include glass, polyaramide, polyfluorohydrocarbons such as 
polytetrafluoroethylene, and the like. When glass fibers are utilized, care is taken not to utilize excessive 
amounts thereof In that they can act as an abrasive. The amount of glass fibers is generally from 1% to 
10% by weight and desirably from 2% to 6% by weight based upon the total weight of the polymer alloy. 
It is an important aspect of the present invention that the polymer alloy be made by initially dry mixing 

55 at least the thermoplastic compound and the thermoset compound. Since the rubber must be dry, it is 
cured. An amount of the thermoplastic is utilized so that at least the rubber particles are coated. As noted 
above, generally an excess of the thermoplastic is utilized, inasmuch as the thermoplastic particles or 
powder will melt upon heating, a heterogeneous matrix is formed having as a continuous phase the 
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thermoplastic compound with the cured rubber dispersed therein constituting a discontinous phase. The 
lubricant and the various optional additives can be added with the thermoplastic compound or subsequent 
to the dry mixing of the thermoplastic and the cured rubber compounds. Regardless of whether or not all of 
the components are added together, the dry mixing of the thermoplastic and the cured rubber is continued 

s until a generally uniform random dispersion of the cured rubber is achieved. Once a dispersion of the 
rubber as well as the remaining ingredients has been obtained, the mixture can be heated. The heating 
temperature must be above the glass transition temperature (Tg) of the thermoplastic. The Tg of ultrahigh 
molecular weight polyethylene is approximately 141 .7* C (287* F). A desirable heating range for a polymer 
alloy forming blend containing ultra high molecular weight polyethylene has been found to be from 143.3* C 

jo (290* F) to 182.2* C (360* F) and desirably from 154.4* C (310* F) to 176.6* C (350* F). Should lower 
temperatures be utilized, the thermoplastic will generally not have sufficient flow properties to produce a 
desirable matrix. Temperatures above 182.2* C (360 *F) generally result in a loss of tear strength of the 
cured rubber, for example nitrile rubber and thus should be avoided. 

Another important process aspect of the present invention is that the melted mixture is cooled under 

rs pressure. Cooling can take place in any type of apparatus such as a mold and pressure is generally 
necessary in order to prevent cracking and/or strain failure of the formed alloy. The amount of pressure is 
generally at least 4.14 MPa (600 PSI) and desirably at least 6.89 MPa (1000 PSI). Cooling can be carried 
out at ambient temperature, that is the mold can simply be placed in an ambient environment or at a 
temperature below the Tg of the thermoplastic or water-cooled press platens. The specific gravity of the 

20 polymer alloy is generally about 1 .1 . Although cooling can take place in a mold designed to yield a specific 
product or article, a compression type mold is generally utilized to form a solid slab. The slab generally can 
be machined, cut with a saw, etc., if desired. 

Specific end products or articles can be formed by utilizing a variety of molding methods. It has been 
found that the polymer alloy can easily be transfer-molded because of the lubricating action of the heated 

25 softened plastic and is thus preferred. Waste and trim can be recycled. Another forming method includes 
compression molding as well as injection molding. Rash and other molding operation features can be 
removed as by grinding. Moreover, the molded article can be readily and precisely machined utilizing 
conventional and standard machining operations such as reaming, lapping, horning, grinding, and the like. 
The formed polymer alloy generally exhibits the superior properties of the thermoplastic as well as the 

30 thermoset rubber and hence is a rigid, tough, low wear hard solid which has good water resistance and low 
deflection under load. The polymer alloy also has a superior wet as well as a dry low coefficient of friction 
and a low breakaway coefficient of friction. Hence, the polymer alloy can be utilized for articles wherein 
such properties are desired. A highly desirable end use is as a bearing and particularly as marine bearings 
such as those used in rotatably supporting the propeller shaft of ships and the like, inasmuch as some 

35 marine bearing applications require harder bearing materials to reduce shaft deflection as in icebreakers 
than other marine applications which require different properties, a polymer alloy family of wet-dry bearing 
products are possible with varying recipes. Other products include staves, shaft sleeves, and the like. 
The invention will be better understood by reference to the following examples. 

40 EXAMPLE I 

Ultra high molecular weight polyethylene powder, Hostalen® GUR manufactured by American Hoechst 
Corporation, having a molecular weight of approximately 4,5 million in an amount of 321.48 grams was 
mixed with 117.9 grams of ground cured nitrile rubber, compound 39166 manufactured by BFGoodrich. 
45 Then, 87.2 grams of graphite powder, grade #117-A from Asbury Graphite Mills, was mixed with the plastic 
and rubber in a Henschei mixer. Only rubber which passed through a Tyler 35 mesh screen was utilized. A 
mold was preheated to 176.7* C (350 *F). A smooth steel plate of 29.21 cm (11.5") x 6.98 cm (2.75") was 
placed therein. The mixture was added to the mold and compressed while heating. The mold contents were 
heated at a temperature of 176.7*C (350 *F) for one hour under 4.6 MPa (667 psi). The pressure was 
so maintained during cool down. The cool down time period was one hour. The total thickness of the cured 
sample was 1.83 cm (0.720"). 

The polymer alloy of Example I was compared in various tests with UHMWPE, Thordon® XL Romor®, 
and Standard Kayak. These compounds are as follows: 

UHMWPE - an ultrahigh molecular weight polyethylene manufactured by American Hoechst Plastics 
55 having a weight average molecular weight of approximately 3.0 to 6.0 x 10. 6 

Thordon® XL - A graphite-loaded, hard polyurethane bearing material sold by Thomson-Gordon 
Limited, (Burlington, Ontario, Canada). A wet-dry bearing material. 

Romor® - Trademark for patented BFGoodrich/LQ Morritt thin rubber, plastic backed bearing stave - 
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used to support propeller shafts (in ships). Water-lubricated, very low friction and wear, especially at low 
speeds where other conventional materials encounter trouble. 

Kayak® - Trademark for 2.54 cm (1 n ) inside diameter x 3.81 cm (1.5") outside diameter x 10.16 cm (4") 
long BFG rubber full bearing (brass outer shell). 

5 

EXAMPLE II 

Standard Gutless Bearing Wet (Water) Wear Test 

io Single, 5.08 cm (2") long staves of the various materials set forth above were tested. The journal 
diameter was 25.4 cm (10"), the velocity was 20 RPM and the test was run continuously for 28 days. The 
load was equivalent to that carried by the heaviest loaded stave in a fully staved bearing having an NPSI 
value of 210 NPSI. (Normal Cutless Bearing NPSI value is 40 NPSI). 

75 TABLE I 





Polymer Alloy of Example 1 


UHMWPE 


Thordon® XL 


#4 Romor® 


Wear Rate. (1x1 0~ 4 grams/hour) 


0.0045 


165 


1.897 


0.937 


Hours 


668 


164 


23 


661 



As apparent from TABLE I, the polymer alloy of the present invention had a very good water lubricated 
wear rate compared to the ultra high molecular weight polyethylene and the Thordon® XL. The Thordon® 
XL lasted only 23 hours before the sample was worn so much that it had to be removed. 



EXAMPLE III 

The materials were then tested with regard to coefficent of friction against shaft velocity and breakaway. 
The test is a standard BFGoodrich test. Shaft diameter is 25.4 cm (10") and the sample size is the same as 
used in the Example II wear test. NPSI load was 40 NPSI. 
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TABLE II 

s WATER-LUBRICATED DYNAMIC AND STATIC COEFFICIENTS 
OF FRICTION 



DYNAMIC COEFFICIENTS: 



TO 


f C V* ~» •£ 4- 

( Shaft 


Diameter =1(10";) 








15 




Polymer Alloy 










Shaft 


RPM of Example I 


UHMWPE 


® 

Thordon XL 


#4 Rom< 


20 


0 


0.0876 


0.0666 


0.3288 


0. 1577 




10 


0. 0250 


0 .0085 


0.0987 


0.0563 




25 


0.0035 


0.0027 


0.0169 


0.0169 


25 


50 


0.0020 


0.0012 


0.0027 


0.0034 




75 


0.0015 


0.0020 


0.0024 


0.0020 




100 


0.0012 


0.0012 


0.0013 


0.0019 




125 


0.0014 


0.0014 


0.0009 


0.0022 


30 


150 


0.0013 


0.0013 


0.0011 


0.0017 




175 


0.0016 


0.0013 


0.0010 


0.0019 




200 


0.0014 


0.0010 


0.0014 


0.0014 


35 


225 


0.0022 


0.0018 


0.0020 


0.0012 




250 


0.0021 


0.0020 


0.0017 


0.0004 



40 Breakaway (Static) Coefficients 



45 



50 



® 



Dwell Time Under Load (at 0 Velocity) 

Polymer Allov UMWPE ThordoiTxL #4_Romor i 

1 Mln 0.1872 0.1248 0.4125 0.6700 

10 Mln 0.2184 0.1622 0.4442 0.7300 

100 Mln 0.2309 0.1872 0.5395 0.7600 



As apparent from TABLE II, the coefficient of friction values for the polymer alloy of Example I were 
generally the same as those for UHMWPE and lower than for Thordon® XL and Romor®. Breakaway values 
5s were slightly greater than those for UHMWPE, but significantly lower than those for Thordon® XL and #4 
Romor®. 



EXAMPLE IV 
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The test results set forth in Example II and III were made with initially flat staves. The sample test 
results set forth herein and in TABLES III, IV, and V were made with molded full bearings having a 2.54 cm 
(1 ")journal (bore) diameter. The polymer alloy and Kayak® standard example had flat lands. The Thordon® 
XL bearings had concave lands. Samples were run at 30 RPM between tests. The results are set forth in 
5 TABLES ill, IV, and V. NPSI = Radial load divided by bearing bore diameter x bearing length.. 

TABLE III 



70 



(12.4 NPSI) - Water Lubricated 


Dynamic Coefficient of Friction Values 


RPM 


Polymer Alloy of Example I 


Thordon® XL 


Standard Rubber Kayak® 


0.5 


0.0897 


0.1446 


0.4537 


2 


0.0848 


0.1692 


0.3969 


5 


0.0897 


0.1791 


0.3139 


10 


0.0897 


0.1989 


0.2650 


20 


0.1044 


0.1989 


0.1918 


40 


0.1044 


0.1939 


0.1429 


80 


0.1191 


0.2186 


0.0843 


120 


0.1437 


0.1939 


0.0697 


160 


0.1437 


0.1939 


0.0648 


200 


0.1388 


0.1692 


0.0501 


300 


0.1388 


0.1446 


0.0404 


500 


0.1191 


0.1199 


0.0257 


600 


0.1240 


0.0952 


0.0208 


Shaft diameter = 2.54 cm (1 inch). 



30 

TABLE IV 



35 


(50.5 NPSI) - Water Lubricated 


Dynamic Coefficient of Friction Values 


RPM 


Polymer Alloy of Example I 


Thordon® XL 


Standard Kayak® 




0.5 


0.0884 


0.3631 


0.4073 




2 


0.0932 


0.3631 


0.2961 


40 


5 


0.0932 


0.3386 


0.1753 




10 


0.1174 


0.3386 


0.1414 




20 


0.1174 


0.3288 


0.1173 




40 


0.1174 


0.2653 


0.0786 




80 


0.1174 


0.2408 


0.0593 


45 


120 


0.1320 


0.2408 


0.0448 




160 


0.1368 


0.2506 


0.0351 




200 


0.1416 


0.3240 


0.0327 




300 


0.1416 


Machine 


0.0254 




500 


0.1416 


Stalled 


0.0133 


50 


600 


0.1368 


Stalled 


0.0109 




Shaft diameter = 2.54 cm (1 inch) 
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TABLE V 



(50.5 NPSI) - Dry 


Coefficient of Friction Values 


RPM 


Sample X 


Thordon® XL 


0.5 


0.1804 


02626 


2 


0.2142 


0.2626 


5 


0.2142 


0.2626 


10 


02384 


0.2384 


20 


0.2626 


02384 


40 


0.2868 


02384 


80 


0.3207 


02481 


120 


0.3110 


02384 


160 


0.3352 


0.2384 


200 


0.3836 


0.2384 


300 


Machine 


02626 


500 


Stalled 


Machine 


600 


Stalled 


Stalled 


Shaft diameter = 2.54 cm (1 inch) 



As apparent from TABLE ill AND IV, the polymer alloy of the present invention had lower coefficient of 
friction values than Thordon® XL Standard Kayak® values were higher at lower shaft speeds. Although 
rubber bearings cannot operate dry, the polymer alloy of the present invention nevertheless had lower dry 
coefficient of friction values at the lowest speeds although the Thordon® XL sample had lower dry friction 
values above 10 RPM (Table V). No shaft or polymer alloy bearing wear was apparent In the test of the new 
alloy set forth in TABLE V even though 50.5 NPSI is high for a dry bearing. In contrast, the Thordon® XL 
bearing excessively wore the bronze journal shaft. The entire contact length of the shaft was worn and six 
grooves were formed with several grooves on the 2.54 cm (1') diameter shaft having depths of at least 

0. 127 cm (0.05"). 

Thus, the polymer alloy of the present invention exhibited very good bearing wear resistance wet or 
dry. It caused minimum wear on journals. It also exhibited low breakaway friction and favorable low 
coefficient of friction values across the entire shaft speed range. The wear caused by the polymer alloy on 
the shaft was not measurable after the Table V test. The use of high strength chopped fibers (such as 
Kevlar®) would increase the compressive stiffness if needed, it is thus apparent that the polymer alloy of 
the present invention yielded significantly improved frictional and wear resistant properties when compared 
with conventional materials. 

Claims 

1. A thermoplastic rubber polymer alloy, comprising 

from 10 percent to 70 percent by weight of a particulate rubber compound having a particle size of 
35 mesh or smaller, based upon the total weight of the polymer alloy, further having a volume increase 
in water of five percent or less, 

from 25 percent to 90 percent by weight of an ultra high molecular weight polyethylene having a 
molecular weight of at least 2.5 million based upon the total weight of the polymer alloy wherein said 
ultra high molecular weight polyethylene has a breakaway coefficient of static friction at 0 RPM of 0.25 
or less, an Izod notch strength (ASTM D256) of at least 1.07 kJ/m (20 foot-pounds/inch) and a water 
lubricated coefficient of friction 0.20 or less, and 

from 0.5 to 25 percent by weight of a non-abrasive lubricant based upon the total weight of the 
polymer alloy. 

2. A plastic-rubber polymer alloy according to Claim 1, wherein said rubber compound is nitrile rubber, 
butyl rubber, EPDM, a copolymer of vinylidene fluoride and hexafluoropropylene, or combinations 
thereof, wherein said ultra high molecular weight polyethylene has a weight average molecular weight 
of from about 3 million to about 7 million, and wherein said lubricant is graphite, molybdenum disulfide. 
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silicone oil, or combinations thereof. 

3. A plastic-rubber polymer alloy according to Claim 2, wherein said rubber compound forms a discontinu- 
ous phase, wherein said rubber compound is nrtrile rubber, and wherein said lubricant is graphite, 

5 wherein said graphite has a particle size of 100 mesh or smaller, wherein the amount of said 
polyethylene is from 25 percent to 90 percent by weight based upon the total weight of the polymer 
alloy, wherein the amount of said nrtrile rubber is from 10 percent to 70 percent by weight based upon 
the total weight of the polymer alloy, and wherein the amount of said graphite is from 0.5 percent to 25 
percent by weight based upon the total weight of said polymer alloy. 

10 

4. A bearing comprising the composition of Claim 1. 

5. A bearing comprising the composition of Claim 3. 

is 6. A thermoplastic rubber polymer alloy according to claim 1 , comprising 

from 10 percent to 70 percent by weight of a particulate rubber compound having a particle size of 
35 mesh or smaller, based upon the total weight of the polymer alloy, further wherein said cured rubber 
compound develops hydrodynamic lubrication at normal journal operating speeds and has a volume 
increase in water of five percent or less, 

20 from 25 percent to 90 percent by weight of an ultra high molecular weight polyethylene having a 

molecular weight of at least 2.5 million based upon the total weight of the polymer alloy wherein said 
ultra high molecular weight polyethylene has a breakaway coefficient of static friction at 0 RPM of 0.25 
or less, an Izod notch strength (ASTM D256) of at least 1.07 kJ/m (20 foot-pounds/inch) and a water 
lubricated coefficient of friction 0.20 or less to form a continuous phase in the polymer alloy and to coat 

25 said rubber particles, and 

from 0.5 to 25 percent by weight of a non-abrasive lubricant based upon the total weight of the 
polymer alloy to impart lubricating properties to said alloy, and 

optionally from 2 percent to 10 percent by weight of a short fiber comprising fiberglass polyaramid, 
polyfluorohydrocarbon, and combinations thereof. 

30 

7. A thermoplastic-rubber polymer alloy according to Claim 6, wherein said thermoplastic is ultra high 
molecular weight polyethylene, wherein said ultra high molecular weight polyethylene has a weight 
average molecular weight of from about 4 million to about 6.5 million, wherein said rubber compound is 
butyl rubber, EPDM or copolymer of vinylidene fluoride and hexafluoropropylene, nrtrile rubber, or 

35 combinations thereof, wherein said rubber compound has an average particle size of 65 mesh or 
smaller, wherein said lubricant is a solid, in the form of a powder wherein said solid lubricant powder is 
graphite, molybdenum disulfide, or combinations thereof, wherein the amount of said ultra high 
molecular weight polyethylene is from 40 percent to 75 percent based upon the total weight of said 
polymer alloy, wherein the amount of said rubber compound is from 12 percent to 40 percent by 

40 weight based upon the total weight of said polymer alloy, and wherein the amount of said lubricant is 
from 1 percent to 20 percent by weight based upon the total weight of said polymer alloy. 

8. A thermoplastic-rubber polymer alloy according to Claim 7, wherein the amount of said ultra high 
molecular weight polyethylene is from 55 percent to 65 percent by weight based upon the total weight 

45 of said polymer alloy, wherein said rubber compound is said nitriie rubber, wherein the amount of said 
nitrile rubber is from 15 percent to 30 percent by weight based upon the total weight of said polymer 
alloy, wherein said lubricant is said graphite, wherein said graphite has a particle size of 100 mesh or 
smaller, and wherein the a mount of said graphite is from 2 percent to 10 percent by weight based 
upon the total weight of said polymer alloy. 

50 

9. A bearing comprising the composition of Claim 8. 

10. A process for forming a thermoplastic rubber polymer alloy as defined in claim 1 comprising the steps 
of 

55 dry mixing from 10 percent to 70 percent by weight of a particulate rubber compound having a 

particle size of 35 mesh or smaller, based upon the total weight of the polymer alloy, further wherein 
said cured rubber compound develops hydrodynamic lubrication at normal journal operating speeds 
and has a volume increase in water of five percent or less, 
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from 25 percent to 90 percent by weight of an ultra high molecular weight polyethylene having a 
molecular weight of at least 2.5 million based upon the total weight of the polymer alloy wherein said 
ultra high molecular weight polyethylene has a breakaway coefficient of static friction at 0 RPM of 0.25 
or less, an Izod notch strength (ASTM D256) of at least 1.07 kJ/m (20 foot-pounds/inch) and a water 
lubricated coefficient of friction 0.20 or less to form a continuous phase in the polymer alloy and to coat 
said rubber particles, and 

from 0.5 to 25 percent by weight of a non-abrasive lubricant based upon the total weight of the 
polymer alloy to impart lubricating properties to said alloy, 

heating said mixture to a temperature above the glass transition temperature of said ultra high 
molecular weight polyethylene and 

cooling said heated mixture under pressure of 600 PSI or greater and forming a polymer alloy. 

11. A process according to Claim 10, wherein said rubber compound is nitrile rubber, butyl rubber, EPDM, 
a copolymer of vinyiidene fluoride and hexafluoropropylene, or combinations thereof, wherein said 
lubricant is graphite, molybdenum disulfide, silicone oil, or combinations thereof, wherein said heat 
temperature is from 143.3 # C (290 'F) to 182.2* C (360* F), and wherein said cooling pressure is at 
least 4.14 MPa (600 PSI). 

12. A process according to Claim 11, wherein the amount of said ultra high molecular weight polyethylene 
is from 40 percent to 75 percent by weight based upon the total weight of the polymer alloy, wherein 
said rubber compound is nitrile rubber, wherein the amount of said nitrile rubber is from 12 percent to 
40 percent by weight based upon the total weight of the polymer alloy, wherein said lubricant is 
graphite having a particle size of 100 mesh or smaller, wherein the amount of said graphite is from 2 
percent to 10 percent by weight based upon the total weight of said polymer alloy, wherein said rubber 
particle size is 65 mesh or smaller, wherein said heating temperature is from 154.4° C (310* F) to 
176.7' C (350* F), and wherein said cooling pressure is 6.89 MPa (1 ,000 PSI) or greater. 

13. A process according to Claim 11, including forming said polymer alloy into a marine bearing. 

14. In a generally cylindrical water-lubricated bearing comprising a plurality of bearing elements separated 
by longitudinally extending passages, said bearing elements secured to a supporting member, said 
bearing elements comprise from 10 percent to 70 percent by weight of a particulate rubber compound 
having a particle size of 35 mesh or smaller, based upon the total weight of the polymer alloy, further 
wherein said cured rubber compound develops hydrodynamic lubrication at normal journal operating 
speeds and has a volume increase in water of five percent or less, 

from 25 percent to 90 percent by weight of an ultra high molecular weight polyethylene having a 
molecular weight of at least 2.5 million based upon the total weight of the polymer alloy wherein said 
ultra high molecular weight polyethylene has a breakaway coefficient of static friction at 0 RPM of 0.25 
or less, an Izod notch strength (ASTM D256) of at least 1.07 kJ/m (20 foot-pounds/inch) and a water 
lubricated coefficient of friction 0.20 or less to form a continuous phase in the polymer alloy and to coat 
said rubber particles, and 

from 0.5 to 25 percent by weight of a non-abrasive lubricant based upon the total weight of the 
polymer alloy to impart lubricating properties to said alloy. 

15. In a generally cylindrical water-lubricated bearing as set forth in Claim 14, wherein said rubber 
compound is nitrile rubber, butyl rubber, EPDM, a copolymer of vinyiidene fluoride and hex- 
afluropropylene, or combinations thereof wherein said ultra high molecular weight polyethylene has a 
weight average molecular weight of from about 4 million to about 6.5 million, and wherein said lubricant 
is graphite, molybdenum disulfide, silicone oil, or combinations thereof. 

16. In a cylindrical water-lubricated bearing comprising a plurality of bearing elements separated by 
longitudinally extending passages, said bearing elements secured to a supporting structure, said 
bearing elements made from 10 percent to 70 percent by weight of a particulate rubber compound 
having a particle size of 35 mesh or smaller, based upon the total weight of the polymer alloy, further 
wherein said cured rubber compound develops hydrodynamic lubrication at normal journal operating 
speeds and has a volume increase in water of five percent or less, 

from 25 percent to 90 percent by weight of an ultra high molecular weight polyethylene having a 
molecular weight of at least 2.5 million based upon the total weight of the polymer alloy wherein said 
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ultra high molecular weight polyethylene has a breakaway coefficient of static friction at 0 RPM of 0.25 
or less, an Izod notch strength (ASTM D256) of at least 1.07 kJ/m (20 foot-pounds/inch) and a water 
lubricated coefficient of friction 0.20 or less to form a continuous phase in the polymer alloy and to coat 
said rubber particles, and 

5 from 0.5 to 25 percent by weight of a non-abrasive lubricant based upon the total weight of the 

polymer alloy to impart lubricating properties to said alloy, and optionally from 1 percent to 10 percent 
by weight of a short fiber comprising fiberglass polyaramid, polyfluorohydrocarbon, and combinations 
thereof. 

10 17. In a cylindrical water-lubricated bearing as set forth in Claim 16, wherein said ultra high molecular 
weight polyethylene has a weight average molecular weight of from about 4 million to about 6.5 million, 
wherein said rubber compound is butyl rubber, EPDM, or copolymer of vinylidene fluoride and 
hexafluoropropylene, nitrite rubber, or combinations thereof, wherein said rubber compound has an 
average particle size of 65 mesh or smaller, wherein said lubricant is a solid, wherein said solid 

75 lubricant is graphite, molybdenum disulfide, or combinations thereof, wherein the amount of said ultra 
high molecular weight polyethylene is from 40 percent to 75 percent based upon the total weight of 
said polymer alloy, wherein the amount of said rubber compound is from 12 percent to 40 percent by 
weight based upon the total weight of said polymer alloy, and wherein the amount of said lubricant is 
from 1 percent to 20 percent by weight based upon the total weight of said polymer alloy. 

20 

Revendicattons 

1. Un alliage de polymere caoutchouc-thermoplastique comprenant 10 pourcent h 70 pourcent en polds 
d'un compose de caoutchouc sous forme de particules ayant une dimension de particule de 35 mesh 
25 ou moins, rapportes au poids total de I'aliiage de polymere, et pr^sentant en outre un accroissement de 
volume dans I'eau de cinq pourcent ou moins, 

25 pourcent & 90 pourcent en poids d'un polyethylene de poids moleculaire tres eieve ayant un 
poids moleculaire d'au moins 2,5 millions, par rapport au poids total de I'aliiage de polym&re, dans 
lequel (edit polyethylene de poids moleculaire trfes Sieve possSde un coefficient de frottement statique 
30 au dSmarrage & 0 t/m de 0,25 ou moins, une resistance au choc Izod (ASTM D256) d'au moins 1 ,07 
kg/m (20 pieds = -livres/pouce) et un coefficient de frottement lubrifie & I'eau de 0,20 ou moins et 

0,5 & 25 pourcent en poids d'un lubrifiant non abrasif par rapport au poids total de I'aliiage de 
polymfere. 

35 2. Un alliage de polym&re caoutchouc-plastique selon la revendication 1, dans lequel ledit compose de 
caoutchouc est le caoutchouc nitrile, le caoutchouc butyle, I'EPDM, un copolymere de fiuorure de 
vinylidfene et d'hexafluoropropylfene ou leurs combinaisons, ledit polyethylene de poids moleculaire tr§s 
eieve possfcde un poids moleculaire moyen ponderal d'environ 3 millions k environ 7 millions et ledit 
lubrifiant est le graphite, le disutfure de molybdene, I'huile de silicone ou leurs combinaisons. 

40 

3. Un ailiage de polym&re caoutchouc-plastique selon la revendication 2, dans lequel ledit compose de 
caoutchouc forme une phase discontinue, ledit compose de caoutchouc est le caoutchouc nitrile et ledit 
lubrifiant est le graphite, dans lequel ledit qraphite a une dimension de particule de 100 mesh ou 
moins,la quantite dudit polyethylene est de 25 pourcent a 90 pourcent en poids par rapport au poids 

45 total de i'aliiage de polymere, la quantite dudit caoutchouc nitrile est de 10 pourcent Jt 70 pourcent en 
poids par rapport au poids total de I'aliiage de polymfere et dans lequel la quantite dudit graphite est de 
0,5 pourcent h 25 pourcent en poids par rapport au poids total dudit alliage de polym&re. 

4. Un palier comprenant la composition selon la revendication 1 . 

50 

5. Un palier comprenant la composition selon la revendication 3. 

6. Un alliaqe de polymere caoutchouc-thermoplastique selon la revendication 1, comprenant 

10 pourcent a 70 pourcent en poids d'un compose de caoutchouc sous forme de particules ayant 
55 une dimension de particule de 35 mesh ou moins, rapportes au poids total de I'aHiaqe de polym&re, 
ledit compose de caoutchouc durci d6veloppant en outre une lubrification hydrodynamique aux vitesses 
de fonctionnement normales du coussinet et presentant un accroissement de volume dans I'eau de 
cinq pourcent ou moins, 
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25 pourcent k 90 pourcent en poids d'un polyethylene de poids moleculaire tr&s eieve ayant un 
poids moleculaire d'au moins 2,5 millions, rapportes au poids total de I'alliage de polymere, dans lequel 
ledit polyethylene de poids nolSculaire trfes eieve possede un coefficient de frottement statique au 
demarrage k 0 t/m de 0,25 ou moins, une resistance au choc Izod (ASTM D256) d'au molns 1,07 kg/m 
(20 pieds-livres/pouce) et un coefficient de frottement lubrifte k I'eau de 0,20 ou moins pour former une 
phase continue dans I'alliage de polymere et enrober lesdites particules de caoutchouc, 

0,5 k 25 pourcent en poids d'un lubrifiant non abrasif par rapport au poids total de Palliaqe de 
polymere pour conf^rer des propri§t£s lubrifiantes audit aliiage et, facultativement 2 pourcent k 10 
pourcent en poids d'une fibre courte comprenant des fibres de verre, du poiyaramide, du polyfluorohy- 
drocarbure et leurs combinaisons. 

7. Un aliiage de polymere caoutchouc-thermoplastique selon la revendication 6. dans lequel ledit thermo- 
plaste est un polyethylene de poids moleculaire tres eieve, ledit polyethylene de poids moleculaire trfes 
eieve possede un poids moleculaire moyen ponderal d'environ 4 millions k environ 6,5 millions, ledit 
compose de caoutchouc est le caoutchouc butyle, I'EPDM ou un copolymfcre de fluorure de vinylid&ne 
et d'hexafluoropropyfene, le caoutchouc nitrile ou leurs combinaisons, ledit compose de caoutchouc 
possede une dimension de particule moyenne de 65 mesh ou moins, ledit lubrifiant est un solide sous 
la forme d'une poudre, dans lequel ladite poudre lubrifiante solide est le graphite, le disulfure de 
molybdfcne ou leurs combinaisons, dans lequel la quantite dudit polyethylene de poids moleculaire tr6s 
eleve est de 40 pourcent k 75 pourcent par rapport au poids total de I'alliaqe de polymere, la quantite 
dudit compose de caoutchouc est de 12 pourcent k 40 pourcent en poids par rapport au poids total de 
I'alliage de polymere et la quantite dudit lubrifiant est de 1 pourcent a 20 pourcent en poids par rapport 
au poids total dudit aliiage de polymere. 

a Un aliiage de polymere caoutchouc-thermoplastique selon la revendication 7, dans lequel fa quantite 
dudit polyethylene de poids moleculaire tes eieve est de 55 pourcent k 65 pourcent en poids par 
rapport au poids total dudit aliiage de polymere, le compose de caoutchouc est le caoutchouc nitrile, la 
quantite dudit caoutchouc nitrile est de 15 pourcent k 30 pourcent en poids par rapport au poids total 
dudit aliiage de polymere, ledit lubrifiant est le graphite, ledit graphite possede une tailie de particule 
de 100 mesh ou moins et dans lequel la quantite dudit graphite est de 2 pourcent k 10 pourcent en 
poids par rapport au poids total dudit aliiage de polymere. 

9. Un palier comprenant la composition selon la revendication 8. 

10. Un precede pour reiaboration d'un aliiage de polymere caoutchouc-thermoplastique tel que defini dans 
la revendication 1 , comprenant les etapes 

de melange k sec de 10 pourcent k 70 pourcent en poids d'un compose de caoutchouc sous 
forme de particules possedant une dimension de particule de 35 mesh ou moins, rapportes au poids 
total de I'alliage de polymere, ledit compose de caoutchouc durci developpant en outre une lubrification 
hydrodynamique aux vitesses de fonctionnement normales du coussinet et presentant un accroisse- 
ment de volume dans I'eau de cinq pourcent ou moins, 

de 25 pourcent k 90 pourcent en poids d'un polyethylene de poids moleculaire tres eieve ayant un 
poids moleculaire d'au moins 2,5 millions, rapportes au poids total de I'alliage de polymere, dans lequel 
ledit polyethylene de poids moleculaire trfes eleve possede un coefficient de frottement statique au 
demarrage k 0 t/m de 0,25 ou moins, une resistance au choc Izod (ASTM D256) d'au moins 1,07 kg/m 
(20 pieds-livres/pouce) et un coefficient de frottement lubrifie k I'eau de 0,20 ou moins pour former une 
phase continue dans I'alliage de polymere et enrober lesdites particules de caoutchouc, 

de 0,5 k 25 pourcent en poids d'un lubrifiant non abrasif par rapport au poids total de I'alliage de 
polymere pour conferer des proprietes lubrifiantes audit aliiage, 

de chauffage dudit melange k une temperature superieure k la temperature de transition vitreuse 
dudit polyethylene de poids moleculaire irks eieve et 

de refroidissement dudit melange chauffe sous une pression de 600 PSI ou plus et de formation 
d'un aliiage de polym6re. 

11. Un procede selon la revendication 10, dans lequel ledit compose de caoutchouc est ie caoutchouc 
nitrile, le caoutchouc butyle, I'EPDM, un copolymere de fluorure de vinylidene et d'hexafluoropropy!6ne 
ou leurs combinaisons, ledit lubrifiant est le graphite, le disulfure de molybdene, I'huile de silicone ou 
leurs combinaisons, la temperature de chauffage s'etend de 143,3* C (290* F) k 182,2* C (360* F) et 
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dans lequel la pression de refroidissement est d'au moins 4,14 MPa (600 PSI). 

12. Un procedS selon la revendication 11, dans le-. quel la quantity dudit polyethylene de poids 
moieculaire trfes eieve est de 40 pourcent k 75 pourcent en polds par rapport au poids total de I'alliage 

5 de polym§re, ledit compose de caoutchouc est le caoutchouc nitrile, la quantity dudit caoutchouc nitrile 
est de 12 pourcent h 40 pourcent en poids par rapport au poids total de Palliage de polymSre, ledit 
lubrifiant est un graphite possSdant une dimension de particule de 100 mesh ou moins, dans lequel la 
quantite dudit graphite est de 2 pourcent k 10 pourcent en poids par rapport au poids total de Palliage 
de polymfcre, la dimension de particule dudit caoutchouc est de 65 mesh ou moins, la temperature de 

70 chauffage est 154,4*C (310* F) ^ 176,7* C (350* F) et dans lequel la pression de refroidissement est 
de 6.89 MPa (1000 PSI) ou plus. 

13. Un procede selon la revendication 11, comprenant la formation dudit alliage de polymfcre dans un palier 
de machines marines. 

75 

14. Dans un palier lubrifie k Peau g6n6ralement cylindrique comprenant une plurality de segments de 
palier separees par des passages s'Stendant dans le sens longitudinal, lesdits segments de palier sont 
fixSs k un element porteur, lesdits segments de palier comportent 10 pourcent k 70 pourcent en poids 
d'un compost de caoutchouc sous forme de particules ayant une dimension de particule de 35 mesh 

20 ou moins, rapportes au poids total de I'alliage de polymfere, ledit compost de caoutchouc durci 
developpant en outre une lubrification hydrodynamique aux vitesses de fonctionnement normales du 
coussinet et pr§sentant un accroissement de volume dans Peau de cinq pourcent ou moins, 

25 pourcent k 90 pourcent en poids d'un polyethylene de poids moieculaire trSs eieve ayant un 
poids moieculaire d'au moins 2,5 millions, rapportes au polds total de I'alliaqe de polymfcre, dans lequel 

25 ledit polyethylene de poids moieculaire trfcs eieve possfcde un coefficient de frottement statique au 
d^marrage k 0 t/m de 0,25 ou moins, une resistance au choc izod (ASTM D256) d'au moins 1,07 kg/m 
(20 pieds-livres/pouce) et un coefficient de frottement lubrifie k I'eau de 0,20 ou moins pour former une 
phase continue dans Palliage de polymSre et enrober lesdites particules de caoutchouc, 

0,5 k 25 pourcent en poids d'un lubrifiant non abrasif par rapport au poids total de I'alliage de 

30 polym&re pour conferer des proprietes lubrifiantes audit alliage. 

15. Dans un palier lubrifie k Peau gen£ralement cylindrique selon la revendication 14, dans lequel ledit 
compose de caoutchouc est le caoutchouc nitrile, le caoutchouc butyle, I'EPDM, un copolymere de 
fluorure de vinylid&ne et d'hexafluoropropylfcne ou leurs combinaisons, dans lequel ledit polyethylene 

35 de poids moieculaire trfes eieve possfcde un poids moieculaire moyen ponderal d'environ 4 millions k 
environ 6,5 millions et dans lequel ledit lubrifiant est le graphite, le disulfure de molybd&ne, I'huile de 
silicone ou leurs combinaisons. 

16. Dans un palier lubrifie k Peau cylindrique comprenant une plurality de segments de palier sepai^es par 
40 des passages s'etendant dans le sens longitudinal, lesdits segments de palier sont fixes k un element 

porteur, lesdits segments de palier comportent 10 pourcent k 70 pourcent en poids d'un compose de 
caoutchouc sous forme de particules ayant une dimension de particule de 35 mesh ou moins, 
rapportes au poids total de I'alliage de polymfcre, ledit compose de caoutchouc durci developpant en 
outre une lubrification hydrodynamique aux vitesses de fonctionnement normales du coussinet et 

45 presentant un accroissement de volume dans Peau de cinq pourcent ou moins, 

25 pourcent k 90 pourcent en poids d'un polyethylene de poids moieculaire trSs eieve ayant un 
poids moieculaire d'au moins 2,5 millions, rapportes au poids total de I'alliage de polymdre, dans lequel 
ledit polyethylfene de poids moieculaire trds eieve possfcde un coefficient de frottement statique au 
demarrage k 0 t/m de 0,25 ou moins, une resistance au choc Izod (ASTM D256) d'au moins 1 ,07 kg/m 

so (20 pieds-livres/pouce) et un coefficient de frottement lubrifie k I'eau de 0,20 ou moins pour former une 
phase continue dans I'alliage de polymSre et enrober lesdites particules de caoutchouc, 

0,5 k 25 pourcent en poids d'un lubrifiant non abrasif par rapport au poids total de Palliage de 
polymSre pour conferer des proprietes lubrifiantes audit alliage et, facuitativement 1 pourcent k 10 
pourcent en poids d'une fibre courte comprenant des fibres de verre, du polyaramide, du poiyfiuorohy- 

55 drocarbure et leurs combinaisons. 

17. Dans un palier cylindrique lubrifie k I'eau selon la revendication 16, ledit polyethylene de poids 
moieculaire trfes eieve possfcde un poids moieculaire moyen ponderal d'environ 4 millions k environ 6,5 
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millions, ledit compost de caoutchouc est le caoutchouc butyle, I'EPDM ou un copolym&re de fluorure 
de vinylid&ne et d'hexafluoropropyl&ne, !e caoutchouc nitrile ou leurs combinaisons, ledit compost de 
caoutchouc possfede une dimension de particule moyenne de 65 mesh ou moins, ledit lubrifiant est un 
soiide dans iequel ledit lubrifiant solide est le graphite, le disulfure de molybdene ou leurs combinai- 
5 sons, dans Iequel (a quantity dudit polyethylene de poids moiSculaire trfes 6\ev6 est de 40 pourcent & 
75 pourcent par rapport au poids total de Talliage de polym&re, la quantite dudit compost de 
caoutchouc est de 12 pourcent & 40 pourcent en poids par rapport au poids total de I'alliage de 
polymfcre et dans Iequel la quantity dudit lubrifiant est de 1 pourcent h 20 pourcent en poids par 
rapport au poids total dudit alliage de polym&re. 

70 

PatentansprUche 

1. Thermopiastische Kautschuk-Polymer-Legierung, umfassend 10 Gew.-% bis 70 Gew.-%, bezogen auf 
das Gesamt-Gewicht der Polymer-Legierung, einer teilchenformigen Kautschuk-Verbindung mit einer 

75 Teilchengrofie von 35 mesh oder kleiner, die weiterhin eine Volumen-Zunahme in Wasser von 5 % 
Oder weniger aufweist, 

25 Gew.-% bis 90 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines ultrahoch- 
molekularen Polyethylens mit einem Molekulargewicht von wenigstens 2,5 Millionen, worin das ultra- 
hochmolekulare Polyethylen einen Anlauf-Koeffizienten (Breakaway-Koeffizienten) der statischen Rei- 
20 bung bei 0 UpM von 0,25 Oder weniger, eine Izod-Kerbschlagzahigkeit (ASTM D256) von wenigstens 
1,07 kJ/m (20 footpounds/inch) und einen Reibungskoeffizienten bei Wasser-Schmierung von 0,20 oder 
weniger besitzt, und 

0,5 bis 25 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines nicht schleifenden 
Gleitmittels. 

25 

2. Plastische Kautschuk-Polymer-Legierung nach Anspruch 1, worin die Kautschuk-Verbindung Nitril- 
Kautschuk, Butyi-Kautschuk, EPDM, ein Copolymer aus Vinylidenfluorid und Hexafluorpropylen oder 
eine Kombination aus diesen ist, worin das ultrahochmolekulare Polyethylen ein Gewichtsmittel des 
Moiekulargewichts von etwa 3 Millionen bis etwa 7 Millionen hat und 

30 worin das Gleitmittei Graphit, Molybdandisulfid, Siliconol oder eine Kombination aus diesen ist. 

3. Plastische Kautschuk-Polymer-Legierung nach Anspruch 2, worin die Kautschuk-Verbindung eine dis- 
kontinuierliche Phase bildet, 

worin die Kautschuk-Verbindung Nitril-Kautschuk ist und worin das Gleitmittei Graphit ist, wobei der 
35 Graphit eine Teilchengr6j3e von 100 mesh oder kleiner hat, 

worin die Menge des Polyethylens 25 Gew.-% bis 90 Gew.-%, bezogen auf das Gesamt-Gewicht der 
PolymerLegierung, betragt, 

worin die Menge des Nitril-Kautschuks 10 Gew.-% bis 70 Gew.-%, bezogen auf das Gesamt-Gewicht 
der Polymer-Legierung, betragt und 
40 worin die Menge des Graphits 0,5 Gew.-% bis 25 Gew.-%, bezogen auf das Gesamt-Gewicht der 
Polymer-Legierung, betrMgt. 

4. Lager, umfassend die Zusammensetzung nach Anspruch 1 . 

45 5. Lager, umfassend die Zusammensetzung nach Anspruch 3. 

6. Thermopiastische Kautschuk-Polymer-Legierung nach Anspruch 1, umfassend 

10 Gew.-% bis 70 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, einer teilchenfor- 
migen KautschukVerbindung mit einer Teilchengrflfle von 35 mesh oder kleiner, worin weiterhin die 
so ausgehartete KautschukVerbindung eine hydrodynamische Schmierwirkung bei normalen Betriebsge- 
schwindigkeiten der Welle entwickelt und eine Volumen-Zunahme in Wasser von 5 % oder weniger 
aufweist, 

25 Gew.-% bis 90 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines ultrahoch- 
molekularen Polyethylens mit einem Molekulargewicht von wenigstens 2,5 Millionen, worin das ultra- 
55 hochmolekulare Polyethylen einen Breakaway-Koeffizienten der statischen Reibung bei 0 UpM von 0,25 
oder weniger, eine Izod-KerbschlagzShigkeit (ASTM D256) von wenigstens 1,07 kJ/m (20 foot- 
pounds/inch) und einen Reibungskoeffizienten bei Wasserschmierung von 0,20 oder weniger besitzt, 
urn eine kontinuierliche Phase in der Polymer-Legierung zu bilden und die Kautschuk-Teilchen zu 
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beschichten, und 

0,5 bis 25 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, ein8S nicht schleifenden 
Gleitmittels, urn der Legierung schmierwirkung zu verleihen, und 

gegebenenfails 2 bis 10 Gew.-% kurzer Fasem aus Fiberglas, Polyaramid, Polyfluorkohlenwasserstoff 
5 und deren Kombinationen. 

7. Thermoplastische Kautschuk-Polymer-Legierung nach Anspruch 6, worin das thermoplastische Material 
ultrahochmolekulares Polyethylen ist, worin das ultrahochmolekulare Polyethyien ein Gewichtsmittel des 
Moiekulargewichts von etwa 4 Millionen bis etwa 6,5 Millionen hat, worin die Kautschuk-Verbindung 

ro Butyl-Kautschuk, EPDM, Oder ein Copolymer aus Vinylidenfluorid und Hexafluorpropylen, Nitril-Kaut- 
schuk oder eine Kombination aus diesen ist worin die Kautschuk-Verbindung eine mittiere Teilchengro- 
S e von 65 mesh oder kleiner aufweist, 

worin das Gleitmittel ein fester Stoff in Form eines Pulvers ist. wobei das teste Gleitmittel-Pulver 
Graphit, Molybdandisulfid oder eine Kombination aus diesen ist, worin die Menge des ultrahochmoleku- 
75 laren Polyethylens 40 Gew.-% bis 75 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer- 
Legierung, betragt, 

worin die Menge der Kautschuk-Verbindung 12 Gew.-% bis 40 Gew.-%, bezogen auf das Gesamt- 
Gewicht der Polymer-Legierung, betragt, und 

worin die Menge des Gleitmittels 1 Gew.-% bis 20 Gew.-%, bezogen auf das Gesamt-Gewicht der 
20 Polymer-Legierung, betragt. 

8. Thermoplastische Kautschuk-Polymer-Legierung nach Anspruch 7, 

worin die Menge des ultrahochmolekularen Polyethylens 55 Gew.-% bis 65 Gew.-%, bezogen auf das 
Gesamt-Gewicht der Polymer-Legierung, betragt, 
25 worin die Kautschuk-Verbindung Nitril-Kautschuk ist, worin die Menge des Nitril-Kautschuks 15 Gew.-% 
bis 30 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, betragt, und 
worin das Gleitmittel Graphit ist, wobei der Graphit eine Teilchengrofie von 100 mesh oder kleiner hat, 
und worin die Menge des Graphits 2 Gew.-% bis 10 Gew.-%, bezogen auf das Gesamt-Gewicht der 
Polymer-Legierung, betragt 

30 

9. Lager, umfassend die Zusammensetzung nach Anspruch 8. 

10. Verfahren zur Bildung einer thermoplastischen Kautschuk-Polymer-Legierung, wie sie in Anspruch 1 
definiert ist, umfassend die Schritte 

35 des Vermischens im trockenen Zustand von 10 Gew.-% bis 70 Gew.-%, bezogen auf das Gesamt- 
Gewicht der Polymer-Legierung, einer teilchenformigen Kautschuk-Verbindung mit einer Teilchengro/te 
von 35 mesh oder kleiner, worin weiterhin die ausgehartete Kautschuk-Verbindung eine hydrodynami- 
sche Schmierwirkung bei normalen Betriebsgeschwindigkeiten der Welle entwickelt und eine Volumen- 
Zunahme in Wasser von 5 % oder weniger aufweist, 

40 von 25 Gew.-% bis 90 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines 
ultrahochmolekularen Polyethylens mit einem Molekulargewicht von wenigstens 2,5 Millionen, worin das 
ultrahochmolekulare Polyethylen einen Breakaway-Koeffizienten der statischen Reibung bei 0 UpM von 
0,25 Oder weniger, eine Izod-Kerbschlagzahigkeit (ASTM D256) von wenigstens 1,07 kJ/m (20 
footpounds/inch) und einen Reibungskoeffizienten bei Wasser-Schmierung von 0,20 oder weniger 

45 besitzt urn eine kontinuierliche Phase in der Polymer-Legierung zu bilden und die Kautschuk-Teilchen 
zu beschichten, und 

von 0,5 bis 25 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines nicht 
schleifenden Gleitmittels, urn der Legierung Schmierwirkung zu verleihen, 

des Erhitzens der Mischung auf eine Temperatur oberhalb der GlasGbergangstemperatur des uKrahoch- 
50 molekuiaren Polyethylens und 

des AbkOhlens der erhitzten Mischung unter einem Druck auf 600 psi oder grofler und des Bildens 
einer Polymer-Legierung. 

11. Verfahren nach Anspruch 10, worin die Kautschuk-Verbindung Nitril-Kautschuk, Butyl-Kautschuk, 
55 EPDM, ein Copolymer aus Vinylidenfluorid und Hexafluorpropylen oder eine Kombination aus diesen 

ist, 

worin das Gleitmittel Graphit, Molybdandisulfid, Siliconol oder eine Kombination aus diesen ist, 

worin die Temperatur des Erhitzens 143,3 # C bis 182,2 * C (290 # F bis 360 * F) betrSgt und der Druck 
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beim AbkQhlen wenigstens 4,14 MPa (600 psi) betrSgt 

12. Verfahren nach Anspruch 11, 

worin die Menge des ultrahochmolekularen Polyethylens 40 Gew.-% bis 75 Gew.-%, bezogen auf das 

5 Gesamt-Gewicht der Polymer-Legierung, betrSgt, 

worin die Kautschuk-Verbindung Nitril-Kautschuk ist, worin die Menge des Nitril-Kautschuks 12 Gew.-% 
bis 40 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, betrMgt, und 
worin das Gleitmittel Graphit mit einer Teilchengrdfle von 100 mesh oder kleiner ist, worin die Menge 
des Graphits 2 Gew.-% bis 10 Gew,-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, 

70 betrSgt, 

worin die Grofle der Kautschuk-Teilchen 65 mesh Oder kleiner ist, 

worin die Temperatur des Erhitzens 154,4 * C bis 176,7 *C (310 " F bis 350 * F) betragt und der Druck 
beim AbkOhlen 6,89 MPa (1000 psi) oder gro/ter ist. 

75 13. Verfahren nach Anspruch 11, umfassend die Biidung eines Schiffsmotoren-Lagers aus der Polymer- 
Legierung. 

14. In einem allgemein zylindrischen, mit Wasser geschmierten Lager, das eine Mehrzahl von Lager- 
Elementen umfatft, die durch in Langsrichtung verlaufende Passagen getrennt sind, wobei die Lager- 

20 Elemente an einem Trager-Element befestigt sind, umfassen die Lager-Elemente 

10 Gew.-% bis 70 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, einer teilchenfor- 
migen Kautschuk-Verbindung mit einer Teilchengro/te von 35 mesh oder kleiner, worin weiterhin die 
ausgehartete Kautschuk-Verbindung eine hydrodynamische Schmierwirkung bei normalen Betriebsge- 
schwindigkeiten der Welle entwickelt und eine Volumen-Zunahme in Wasser von 5 % oder weniger 

25 aufweist, 25 Gew.-% bis 90 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines 
ultrahochmolekularen Polyethylens mit einem Molekulargewicht von wenigstens 2,5 Millionen, worin das 
ultrahochmolekulare Polyethylen einen Breakaway-Koeffizienten der statischen Reibung bei 0 UpM von 
0,25 Oder weniger, eine Izod-Kerbschlagzahigkeit (ASTM D256) von wenigstens 1,07 kJ/m (20 foot- 
pounds/inch) und einen Reibungskoeffizienten bei Wasser-Schmlerung von 0,20 oder weniger besitzt, 

30 urn eine kontinuierliche Phase in der Polymer-Legierung zu bilden und die Kautschuk-Teilchen zu 
beschichten, und 

0,5 bis 25 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines nicht schleifenden 
Gleitmittels, urn der Legierung Schmierwirkung zu verleihen. 

as 15. Allgemein zylindrisches, mit Wasser geschmiertes Lager nach Anspruch 14, 

worin die Kautschuk-Verbindung Nitril-Kautschuk, Butyl-Kautschuk, EPDM, ein Copolymer aus Vinyli- 
denfluorid und Hexafluorpropylen oder eine Kombination aus diesen ist, 

worin das ultrahochmolekulare Polyethylen ein Gewichtsmittel des Molekulargewichts von etwa 4 
Millionen bis etwa 6.5 Millionen hat und 
40 worin das Gleitmittel Graphit, Molybdandisulfid, Sillcondl oder eine Kombination aus diesen ist. 

16. Zylindrisches, mit Wasser geschmiertes Lager, das eine Mehrzahl von Lager-Elementen umfatt, die 
durch In Langsrichtung verlaufende Passagen getrennt sind, wobei die Lager-Elemente an einem 
Trager-Element befestigt sind, und wobei die Lager-Elemente hergestellt sind aus 
45 10 Gew.-% bis 70 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, einer teilchenfor- 
migen Kautschuk-Verbindung mit einer Teiichengrofle von 35 mesh oder kleiner, worin weiterhin die 
ausgehartete Kautschuk-Verbindung eine hydrodynamische Schmierwirkung bei normalen Betriebsge- 
schwindlgkeiten der Welle entwickelt und eine Volumen-Zunahme in Wasser von 5 % oder weniger 
aufweist, 

so 25 Gew.-% bis 90 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines ultrahoch- 
molekularen Polyethylens mit einem Molekulargewicht von wenigstens 2,5 Millionen, worin das ultra- 
hochmolekulare Polyethylen einen Breakaway-Koeffizienten der statischen Reibung bei 0 UpM von 0,25 
oder weniger, eine Izod-KerbschlagzShigkeit (ASTM D256) von wenigstens 1,07 kJ/m (20 foot- 
pounds/inch) und einen Reibungskoeffizienten bei Wasser-Schmierung von 0,20 oder weniger besitzt, 

55 urn eine kontinuierliche Phase in der Polymer-Legierung zu bilden und die Kautschuk-Teilchen zu 
beschichten, und 

0,5 bis 25 Gew.-%, bezogen auf das Gesamt-Gewicht der Polymer-Legierung, eines nicht schleifenden 
Gleitmittels, urn der Legierung Schmierwirkung zu verleihen. und 
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gegebenenfalls 1 bis 10 Gew.-% kurzer Fasem aus Rberglas, Polyaramid, Polyfluorkohlenwasserstoff 
und deren Kombinationen. 

17. Zylindrisches, mit Wasser geschmlertes Lager nach Anspruch 16, 

worin das ultrahochmolekulare Polyethylen ein Qewichtsmittel des Molekulargewichts von etwa 4 
Millionen bis etwa 6,5 Millionen hat, 

worin die Kautschuk-Verbindung Butyl-Kautschuk, EPOM, oder ein Copolymer aus Vinylidenfluorid und 
Hexafluorpropylen, Ntoil-Kautschuk oder eine Kombination aus diesen ist, worin die Kautschuk-Verbin- 
dung eine mittlere TeilchengroBe von 65 mesh Oder kleiner aufweist, 

worin das Gleitmittel ein fester Stoff ist, wobei das teste Gleitmittei Graphit, Molybdandisulfid oder eine 
Kombination aus diesen ist, 

worin die Menge des ultrahochmoiekuiaren Polyethylens 40 Gew.-% bis 75 Gew.-%, bezogen auf das 
Gesamt-Gewicht der Polymer-Legierung, betragt, 

worin die Menge der Kautschuk-Verbindung 12 Gew.-% bis 40 Gew.-%, bezogen auf das Gesamt- 
Gewicht der Polymer-Legierung, betragt, und 

worin die Menge des Gleitmittels 1 Gew.-% bis 20 Gew.-%, bezogen auf das Gesamt-Gewicht der 
Polymer-Legierung, betrSgt. 
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FIG. 2 



